Technical vision systems are becoming more widespread, capable of effectively solving the problems of searching, detecting and recognizing interest objects in difficult visibility conditions (fog, haze, dust, snowfall, etc.) at present, in science and technology. The main advantages of active-pulse television measurement systems include the elimination of backscatter interference and the significant reduction in light interference of natural and artificial nature. This paper presents the dependences of calculating the basic photoelectric characteristics of active-pulse television measuring systems and the results of estimating the distance to the objects of observation depending on the conditions of the propagation medium. The analysis of the photoelectric characteristics is performed for the sensors on two types of photoelectric converters: CCD and CMOS. A comparative analysis of the dark current in CCD and CMOS matrices is carried out. Based on the results of the analysis and the presented dependencies, conclusions are drawn and recommendations are given for choosing a sensor for active-pulse television measuring systems.
Introduction
The main purpose of the active-pulse television measuring systems (APTMS) is the observation in poor vision conditions (fog, haze, dust, snowfall, etc.). The laboratory model of the APTMS is developed for the experimental studies at the Department of Television and Control.
Aims and tasks of research
There is a possibility of video surveillance in the conditions of high temperatures and pressures in oil production. Here, high-temperature APTMS can be used to monitor the state of wells, study their debit, as well as to monitor color marks specifically injected into the oil-bearing formation for determining the direction of fluids movement in it. APTMS operating conditions for oil production implies the high temperature up to 135-150˚C, high pressure, as well as severe weight and size restrictions.
The main task in the development of any APTMS is the choice of photodetector. There are two kinds of photodetector structures: matrix charge-coupled devices (CCD) and sensors based on the complementary metal oxide semiconductor (CMOS) [1] [2] [3] [4] [5] . Each of the structures has photovoltaic characteristics. We present the main ones.
The resolution of the photodetector is primarily determined by the number of photosensitive elements and their geometric size. In contrast to CCD technology, CMOS technology allows using fairly simple tools to organize a photo detector containing a very large numbertens of millions of pixels and having a very large crystal area, for example, coinciding with the frame size of a standard photo film. This is due to the fact that the probability of capturing a fatal defect quickly increases with the size of a CCD transducer. In a CMOS sensor, such a defect will cause the defeat of a single pixel, the value of the video signal of which can be interpolated by neighboring elements, including directly in the sensor itself. In matrix CCDs, such a defect very often leads to the inoperability of the entire converter as a whole. Thus, the yield of photo detectors made by CMOS technology, especially with a large crystal area, is significantly higher than for CCD technology.
The sensitivity of the photodetector is determined by the collection coefficient of the luminous flux, quantum efficiency and intrinsic noise. The presence of a large number of transistors in each pixel leads to a decrease in the utilization rate of the luminous flux in CMOS sensors, but the use of welldeveloped microlens technology located on a photodiode (on-chip-microlenses) in matrix CCDs with a line-wise transfer of microlenses allows for very high acquisition ratios in perspective to 100%. The use of optimized structures of modern photodiodes as a photosensitive element maximizes the quantum yield, and the presence of an active amplifier built into the pixel theoretically allows for a lower noise level than in CCD structures. Also, a beneficial factor affecting the reduction of intrinsic noise is the reduction of the video signal-processing band when using the parallel processing of the video signals of all pixels of a row or the entire photodetector. In already existing CMOS sensors with active pixel, the conversion rate of charge into voltage can reach hundreds of microvolts per electron compared to tens of microvolts per electron in the best photodetectors on a CCD.
However, the lack of sophistication of the technology manifested, including the inability to create a megapixel array of low-noise transistors leads to the fact that the CMOS noise of photodetectors still exceeds the noise of CCD converters, and while their sensitivity with equal factors, such as the accumulation time and the size of the photosensitive element, is still an inferior (about order) sensitivity of the CCD.
The spectral sensitivity characteristics are generally identical to the characteristics of a matrix CCDs and primarily determined by the type and characteristics of the applied silicon photosensitive element -MOS capacitance or photodiode. At the same time, CMOS sensors are known in which the reading circuits are made using silicon technology, and special layers are used as photosensitive elements. This structure allows you to create CMOS the photodetectors of the infrared range.
The dynamic range of CMOS sensors is determined by the maximum charge packet accumulated in the photosensitive elements and the read noise or geometric noise. From this point of view, the dynamic range of the CMOS sensor is comparable to the dynamic range of the CCD with the same pixel size. However, the possibility of varying the characteristics of the photosensitive element and reading circuits allows a user to build a CMOS sensor with a logarithmic dependence of the output signal on the illumination and bring the working dynamic range to 132 dB [6] . A well-known method of expanding the dynamic range in a matrix CCD is the summation of the charge packets of neighboring pixels horizontally and vertically directly on the converter until the moment of reading [7] . In CMOS sensors with coordinate addressing, such summation (binning) is difficult, but the sensors are known in which the summation of an arbitrary number of charge packets of neighboring elements can be organized [8] .
Modern matrix CCDs, when charge packet moves to the output device, can pass through a macro distance of tens of millimeters. In this case, the transfer rate is usually limited by the clocking frequency of the phase electrodes of the output register and rarely exceeds 40 MHz. A further increase in the transfer frequency leads to an increase in the inefficiency and the power consumption and to a decrease in the control capacity, etc. This restriction of the reading frequency leads to the corresponding restrictions on the achievable frame frequency and requires an increase in parallel reading methods and subsequent image stitching. In CMOS sensors, sampling frequencies of 50 MHz pixels are typical, and this frequency exceeds 100 MHz in best samples. Taking into account the fact that the parallelization of outputs in CMOS sensors is implemented more easily than in matrix CCDs, it is simpler task to achieve high personnel frequencies and, accordingly, better dynamic characteristics, for CMOS. Currently, a number of companies implementing the frame rates above 1 kHz are on the high-speed camera market.
Methods of solving and approbation of results
An important parameter in the high-temperature mode of the photodetector is the level of dark current. The dark current is caused by the thermogeneration of electrons in the depleted region of the silicon substrate photodetector and represents the number of dark electrons collected in a pixel area of the photosensitive element; T -accumulation time [8] . In a matrix CCD, F, dark current is generated in PD photodiodes and in vertical shift registers VCCD. The accumulation can only be managed in the PD area, and the accumulation time in VCCD is constant and equal to the accumulation time of the field -20 ms or to frame accumulation time -40 ms. That is, as the temperature increases, the total dark current level always increases regardless of the accumulation time due to the reading time. In CMOS sensors, the dark current is generated only in the photodiode; that is, it is possible to reduce the level of dark current by reducing the accumulation time in the electronic shutter mode [3] .
Thus, an photodetector on a CMOS sensor should be used for a high-temperature fuel assembly under development, since the dark current level under equal temperature conditions is lower in CMOS sensors than in a CCD.
The integrated sensitivity of CMOS photodetectors, that is, the dependence of the useful video signal on the illumination is determined by the formula [9] : 
relative spectral sensitivity of the eye. Using the refined expression to determine the optical transmission coefficient in terms of brightness, we obtain an expression in general form for determining the integrated sensitivity of TV systems on a CMOS photodetector [10, 11] : Figure 1 shows the image of the location of the measuring world in the LAC with the areas of measurement marked on them.
To achieve the aims and perform the tasks of the research, experimental measurements are implemented using a special measuring complex (figure 1). 1. The given dependence showed that, in the CCD, the main contribution to the dark charge was made by the vertical transfer registers. For CMOS sensors, the level of the number of dark electrons was no more than a few hundred and could be reduced using a mode of operation with a reduced accumulation time.
2. Thus, to build high-temperature fuel assemblies, CMOS sensors with both a running and global shutter could be used.
3. Experimental graphs of the dependence of the average quantization levels in AI TIS vision zones took into account the peculiarities of the processes of radiation propagation in the space which introduce errors in measuring the distance to objects. The measurement error of the distance to objects was reduced according to the square of the distance to the object of observation and could be adjusted according to the results of the system calibration 4. Evolving to video systems on a chip CMOS cameras determined the most promising direction of video informatics -the creation of intelligent television and computer systems that would allow the real-time technical and artificial vision systems to be realized comparable in performance to the biological vision and significantly superior to its speed.
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